OUgodeoxynucleotides have been selectively labeled with biotin at their 5'-termin1 through an aminoalkylphosphoramide linker arm by an efficient chemical method. The reactions were performed 1n aqueous solution on unprotected oligonucleotides and were Insensitive of the sequence and length of the oligonucleotide.
INTRODUCTION
The strong and specific noncovalent Interaction between biotin (vitamin H) and the egg-white glycoprotein avidin (MU 68,000) or the nonglycosylated protein streptavidin ( MW 60,000), produced by a Streptomyces avidinii, leads to the formation of a high-affinity complex (KQ 1S about 10"" M) (1) which can be easily visualized by enzymatic methods that are commercially available. These properties have been exploited for the detection or localization of proteins, carbohydrates and nucleic adds (2.3,4) .
Enzymatic Incorporation of biotin into DNA by nick-translation using a biotinylated TTP derivative 1s well documented (5) . Recently, the labeling of oligodeoxynucleotides with biotin by primer extension reaction using E .coli DNA polymerase I (Klenow fragment) has been reported (6) . RNA has been tagged with biotin by T4 RNA ligase induced modification of the 3'-terminus utilizing a biotinylated ADP analog (7) . These biotinylated nucleic acids can be hybridized to RNA or DNA, in situ or on filter blots (4, 8) and are potentially useful as affinity probes to locate or detect specific RNA or DNA sequences (9) . Methods of biotin detection have been significantly improved and sensitive systems capable of detecting single-copy gene sequences are now available (10) .
Little information 1s available on the chemical labeling of oligonucleotide probes with biotin. RNA has been labeled (9, 11) and oligodeoxynucleotides Internally labeled have been synthesized using a biotinylated mononucleotide analog synthon (12) . No detailed account of their use as hybridization probes has been reported. Very recently a method to prepare 5'-biotin derivatives of oligodeoxyribonucleotides has been disclosed (13) . After submission of this paper, a method for chemical biotin-labeling of oligonucleotides has been published (14).
We wish to report here a simple, clean and efficient method for the chemical labeling of DNA probes with biotin at the 5'-tenn1nus. We also report hybridization studies using these biotinylated oligonucleotides and their successful detection.
MATERIAL AND METHODS

Enzjcnes and Reagents
T4 polynucleotide kinase, deoxynucleoside triphosphates and E.coli DNA polymerase I (Klenow fragment) were purchased from Boehringer Mannheim AG.
Restriction endonucleases were from New England Biolabs, Inc., Beverly, MA.
Avidin-agarose was from Sigma Chemical Co., St Louis, MO. Imidazole,
hydrochloride (EDC), (+)-biotin, N-hydroxysuccinim1de were purchased from Fluka AG, Buchs, Switzerland. DNA detection system was obtained from BRL (Gaithersburg, MD).
[y-32 P]-ATP (2900 C1/mmol) was obtained from New England Nuclear, Boston, MA, USA.
Synthesis of oliqodeoxynucleotides
Oligodeoxynucleotides were synthesized using either the solid-phase phosphoramidite method (15) on an automated machine (Applied Biosystems Model 380 A) or manually by the modified solid-phase phosphotriester method (16) . The Isolation and purification of oligodeoxynucleotides was as reported earlier (16) .
Chemical biotin-label 1nq of synthetic oliqodeoxynucieotides Oligonucleotides probes B1012, B1056 and SMC15 were blot in-labeled in this manner (Fig.3) .
Purification of biotinyiated DNA on avidin-aqarose
The biotinylated ol Igodeoxyribonucleotides £ were purified by selective retention on an avidin-agarose column (9) . For about 1 nmol of DNA, 0.2 mL of avidin-agarose (Sigma Chem. Co., 50 U/mL) was washed successively with 2 mL A buffer (1 M NaCl, 0.01 M sodium phosphate pH 7.0), 0.5 mL A buffer saturated with biotin at a 2-3 mL/h flow, 0.6 mL A buffer, 0.6 mL B buffer (2 M urea A buffer) and 1 mL C buffer (6 M guanidinium hydrochloride pH 2.5). The column was regenerated by washing with 1 mL A buffer. The crude biotinylated DNA was loaded 1n A buffer at 2-3 mL/h flow. Residual kinased oligonucleotide _1_ and unreacted 5'-am1noalkylphosphoram1date derivatives _3 were washed off the column with 0.6 mL A buffer and 0.6 mL B buffer. The biotinylated material was eluted off the support with 0.9 mL C buffer, dialyzed against 10 mM triethylammonium-bicarbonate pH 7.5 and lyophiHzed.
Enzymatic labeling of oligodeoxynucleotides probes
OUgodeoxynucleotides were labeled at their 5'-tennin1 using [y^]-ATP and T4 polynucleotide kinase as described (17) . The ^P-labeled oligodeoxynucleotides, OPS-1 and OPS-5, are complementary at their 3'-termin1
and can be enzymatical ly labeled using the enzyme, E.coli polymerase (Klenow fragment) (6, 18) . These oligodeoxynucleotides were reannealed by heating both probes at a concentration of 5 PM in a buffer of 50 mM Tris HC1 pH 7.6, 10 mM MgCl 2 and 50 mM NaCl for 2 m1n. at 80'C and slowly cooling the sample from 80*C to 4*C over the period of an hour. The reaction was then made up to final concentrations of 5 mM dithiotreitol, 0.03 mM each dATP, dGTP, dCTP, and biotinylated-dUTP, and 100 units/ml E.coli DNA polyinerase (Klenow fragment), incubated at room temperature for 30 rain, and terminated by heating at 100'C for 2 min. After each enzymatic reaction, the oligodeoxynucleotides was co-precipitated with 10 yg carrier tRNA in solution containing 0.4 M NH^OAc and 2.5 volumes of ethanol at -20"C for one hour, loaded onto analytical denaturing 15% polyacrylamide/7M urea, TBE (90 mM Trisborate pH 8.3, 4 mM EDTA) gels, and electrophoresed at 40 V/cm (19) . The gels are autoradiographed and the bands containing the desired oligodeoxynucleotides are then excised and the oligodeoxynucleotides are recovered by electroelution in 0.2X TBE. In this manner, both 27mer probes, 5C and 1A ( (21) and differ only by a single base (mutated A for C). The 15mer probe, SMC15, is perfectly complementary to plasmid MFp2 but mismatches plasmid MFpl, at the site of the single mutation. Plasmids TSS4 and PC14 differ by a cloned synthetic ol igonucleotide linker, 80 base pairs in length. The oligodeoxynucleotides, OPS-1 and OPS-5, have complementary sequences in the plasmid TSS4, but these sequences do not exist within the plasmid PC14. Plasmids were digested either with the restriction endonuclease Hinfl or EcoRI, to fragment and linearize the DNA. Each DNA was then dissolved 1n 0.4 M NaOH, boiled for 3 min. and diluted 2X with 2 M NaCl/2 M NH 4 0Ac pH 5.0 (4/1, v/v) to a final pH 11-12. Samples were further diluted with 1 M NaCl pH 11.5 and different concentrations of each plasmid were spotted onto nitrocellulose membrane strips ( Schleicher and Schuell, BA 85) or GeneScreenPlus membrane strips (New England Nuclear-DuPont) and a1r-dr1ed. The nitrocellulose membranes were further baked in vacuo for 2 hours at 8O*C. Southern blots Plasmids TSS4 and PC14 were digested with Hinfl, loaded on a 1.5% agarose gel and electrophoresed in TAE buffer (40 mM Tr1s HC1 pH 7.4, 20 mM NaOAc, 1 mM EOTA). After staining with ethidium bromide, the gel was treated 1n 0.25 N HC1 (15 m1n), followed by 0.5 N NaOH/1.5 M NaCl (2 x 30 m1n), and neutralized by 0.1 M Tr1s HC1 pH 7.6 (3x5 min.). The ONA was transferred onto GeneScreenPlus membrane by the Southern technique (22) or by using the BioRad TRANSBLOT with the recommended procedure. Plasmid DNAs TSS4 and PC14 were diluted into 5 ug of rabbit liver genomic ONA, digested with EcoRI, and electrophoresed through IX agarose gels in TAE buffer.
After the acid-base treatment, these DNAs were transferred onto GeneScreenPlus membrane using the BioRad TRANSBLOT.
Hybridization
The filter strips or Southern blots with varying amounts of TSS4 and PC14 plasmid DNAs (2-500 ng), were prehybridized 1n 6x SSC, 5x Denhardt's (50x Denhardt's = IX BSA, IX polyvinylpropylene, IX Ficoll, IX SDS), 0.5X NP-40, 0.5 mg/mL denatured herring sperm DNA at 50"C for 3h. Each membrane was hybridized with 1 pmole probe in 1 mL hybridization buffer (6x SSC, 5x
Denhardfs, 0.5X SDS, 10X dextran sulfate) at 50*C for 12h. Filter strips were washed in 3x SSC at 45*C for 15 min. Biotin detection on filters was performed as described (10) .
Denaturing temperature of biotinyiated oligodeoxyribonucleotides
In two parallel experiments, the probe SMC15 (5'-lc1nase-labeled with 32 P or doubly-labeled with 32 P and biotin) was hybridized to nitrocellulose l,2-diam1noethane at 50*C. The 5'-am1noalkylphosphoramidate ^ thus obtained 1s stable and can be precipitated by ethanol and purified by 15X polyacrylam1de/7 M urea gel. Alternatively, the 5'-am1noalkylphospho-ramidate 3_ was obtained in one single step from the kinased oligonucleotide _1_ by reaction with the diaminoalkane in presence of EDC and N-methyl1midazole in 18h at 20'C 1n 75-85X yield. Biotin, as its activated N-hydroxysucc1n1midyl ester derivative, was coupled to the free remaining amino group of the crude, precipitated, 5'-aminoalkylphosphoram1date 2.
at 20*C 1n 20h 1n water-DMF 1:1.
We have used two methods of purification of chemically synthesized biotinylated-oligodeoxyribonucleotides: 1) On 15X denaturing polyacrylamide gels, the biotinylated DNA probes 4â re easily separated from minor amounts of unreacted kinased oligonucleotide _1^ or 5'-ami noalkyl phosphor amid ate 3_. The biotin-containing oligomers migrate like oligonucleotides about 2-3 bases longer whereas 5 1 -am1 noalkyl phosphor ami date 3_ appear about 2 nucleotides longer than the parent oligonucleotides (Fig.2) .
2) The biotinylated oligonucleotides 4^ were purified by affinity chromatography on an avidin-agarose support. The best results were obtained when the support was presaturated with biotin 1n buffer A, in order to block the strong binding sites, washed with urea buffer B and finally chemically (BI056 and BI012) as well as enzymatically (5A, 1C) labeled with biotin (Fig.3) .
Both the chemically 5'-b1otin-labeled (BIO56, BI012) and enzymatical ly labeled (5C, 1A) probes hybridized to target plasmid DNA, TSS4, but not to PC14. The probe-target hybrids, immobilized on nitrocellulose filters, were detected using the streptavidin/polyalkaline phosphatase kit (BRL). Subsequent Incubation of the filters with NBT and BCIP dyes (10) resulted 1n the formation of a purple-colored precipitate. As little as 3-6 fmole (10-20 ng) of plasmid DNA could be detected. The probe 5C, containing 5 biotin residues, did not give a significantly stronger signal than the singly labeled 1A, BI012 or BI056 probes.
Plasmids TSS4 and PC14 were digested with H1nfl, blotted onto GeneScreenPlus membrane and hybridized with the chemically biotinylated probe BI012. The correct fragment of TSS4 containing the cloned linker sequence could be detected specifically by hybridization with BI012. Samples containing as little as 0.5 ng of the 550 bp fragment (2 fmol) could be detected (F1g.5). In parallel experiments using varying amounts of target plasmid TSS4 (5-500 ng) mixed with a constant amount (5 P g) of rabbit liver genomic DNA gave similar limits of detection (2 fmol, 5 ng). At this level, the target plasmid 1s 1n a 1000-fold molar excess over genomic DNA. This would correspond to approximately 1000 copies of a gene per haploid mammalian genome. Denaturing temperatures of 5'-biotinyl probes-target DNA duplexes To evaluate the possible destabilizing effect of a 5'-biot1nyl residue on the hybridization strength of probes to target DNA the following experiment was done: Synthetic probes 5'-biotinyl-32 P-SMC15 and 32 P-SMC15 were hybridized to nitrocellulose filters spotted with linearized plasmid -1630 bp -550 bp MFpl and MFp2 DMAs at 37*C. The estimated "Tm value" for the perfect duplex SMC15/MFp2 DNA was 48"C (23). The filter strips were washed at 20", 36" and then up to 57*C by 3" increments in 3x SSC buffer. Remaining ^'P radioactivity on filters was measured after each wash, thus allowing to plot disappearance of hybrid duplexes vs increasing temperature (Fig.4) .
The temperature at which 50X of the hybridized probes have been melted off for perfectly matched hybrids between SMC15 or 5'-b1otinyl-SMCl5 probes and MFp2 plasmid DNA were identical, within the limits of error, at 52 + 1"C.
Similarly, the temperatures for mismatched duplexes between SMC15 or 5'-biotinyl-SMC15 were identical at 38 i 1*C.
DISCUSSION
DNA probes are becoming an important tool in the identification, recognition and potentially the isolation of specific genes. Methods to attach reporter groups onto DNA are therefore of great current interest.
The label must be Introduced into DNA easily and selectively in such a way that the hybridization properties of the DNA probe remain unchanged. Biotin is a label of choice because of its strong affinity for avidin or streptavidin and the existence of methods to detect and visualize biotinavidin complexes. Enzymatic methods to introduce biotin onto DNA (as a 5-substituent on 2'-deoxyur1d1ne residues) have been described for long DNA probes (5) or short oligonucleotides (6) . However, these methods are hampered by the need of a template and by the potential altering of the hybridization characteristics of the probe caused by the internal biotin label. Our goal was to develop a chemical method to tag biotin to synthetic oligonucleotide probes (15,16) without affecting their hybridization properties.
The method reported here, inspired by the work of Orgel et al. on the derivatization of unprotected polynucleotides (20), allows one to introduce specifically a single biotin moiety, through a covalent 5'-phosphate linkage, onto DNA probes. Unprotected kinased oligonucleotides _1. * ere converted to their 5'-phosphor1midazol ide derivatives _2 by reaction with imidazole in presence of the water-soluble carbodHmide EDC at pH 6. Without further purification the crude phosphorimidazol ides 2_ were treated with a l,n-diaminoalkane to give the 5'-n-am1 noalkylphosphoramidates 3_ in high yields. These derivatives were also obtained directly from the kinaselabeled oligonucleotides by reaction with l,n-diaminoalkane, EOC and N-methylimidazole via the transient 5'-N-methylimidazolium phosphates. Polyacrylamide gel electrophoresis analyses of the products showed that the reactions proceed in good yields. The biotin was coupled to the free amino group of the linker arm of the 5'-phosphoram1dates _3 at pH 7.5 in 50-70% yield. All these reactions exhibit a great selectivity for the 5'-term1nal functional groups. There 1s no evidence of side reactions at 1nternucleot1de linkages or at residual amino groups on bases. All reactions are independent of the nature of the 5'-terminus base and of the oligonucleotide sequence and length (within the tested range of 15-40 bases). The location and amount of biotin-label thus Introduced is strictly control led.
The 5'-b1ot1nylation of oligodeoxynucleotides does not modify the DNA hybridization pattern, neither 1n selectivity nor 1n strength. This observation was expected due to the remote location of the biotin label. The linker arm (from either ethylenediamine or hexamethylenediamine) spaces out biotin from the base hydrogen-bonding sites.
We have demonstrated that the presence of a 5'-biot1nyl residue 1n a 15-mer probe does not modify the " melting temperature " (Tm) of the hybrid to a complementary template. In the same experiment we have been able to detect easily an internal A/C mismatch and its destabilizing effect on the Tm. Therefore, the destabilization (if any) Induced by the presence of a 5'-b1otinyl substituent is minimal.
We have performed DNA-DNA hybridizations of 5'-biotinylated oligonucieotides to plasmid DNA on dot, Southern and genomic blots. Using the polyaikaline phosphatase-based detection system (10) we have been able to visualize as little as 2 fmole of DNA. The same level of detection was obtained using the internally biotinylated probes 5C and 1A. No increase 1n sensitivity was noticed for the poly-labeled oligonucleotide 5C thus suggesting that the presence of several biotinyl residues on adjacent (or closed) bases In a sequence does not Improve the detection. It 1s probable that avidin complexes one biotin group which precludes access to others nearby.
We have prepared 5'-biotinylated oligodeoxynucleotides cleanly and efficiently from the parent unprotected polynucleotide by a general method. We have shown that biotin-labeled probes can be used as hybridization probes. 5'-biotinylated oligonucleotides should prove to be very useful as stable and non-radioactive hybridization probes to Identify, isolate or purify, by affinity chromatography on an avidin support, DNA or RNA sequences.
